










Wind is identified as a factor causing changes in the 

vertical profile, flight time and speed of the Optimal Cost 

Trajectories, both OCT1 and OCT2, with the subsequent 

impact on total flight. This effect, which is not captured by the 

current efficiency indicator, has a clear impact on CEA_CW1 

and CEA_CW2 values. Fig. 6 shows an example of two flights, 

IBE481 and IBE04VM, operating the same aircraft type 

(A319). IBE481 is flying with tail wind from Oviedo to Madrid 

in the afternoon (8:00 PM). IBE04VM flies from Madrid to 

Oviedo in the morning (7:00 AM) with head wind. Both AFTs 

have the same flight duration because IBE481 AFT increases 

the speed to cover more distance, and consequently consumes 

more fuel. On the contrary, IBE481 OCT1 benefits from the 

tail wind, reducing flight time and maintaining the fuel 

consumption in comparison with IBE04VM OCT1. In 

conclusion, IBE481 is less efficient in terms of costs than 

IBE04VM as it is seen in the difference in CEA_CW1 values. 

IBE481 

CEA_CW1 = 30.2% 

IBE04VM 

CEA_CW1 = 13.7% 
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Figure 6. Impact of wind in cost-based flight efficiency indicators (AFT 

in blue, OCT1 in red) 

CEA_CW1 and CEA_CW2 can also change the global 

picture of local inefficiencies. Fig. 7 represents the 

inefficiencies in the southwest area of the ECAC for February 

24
th
. For example, flights crossing Romania and Bulgaria from 

Istanbul have values of CEA_CW1 from 15% to 30%, while 

KEA values are in the range of 5% to 15%. 

 

Figure 7. Cost-based and Distance indicators comparison 

B. EQUITY 

This subsection presents equity values calculated using EQ-

4 indicator for the traffic sample of the 20
th

 of February. The 

following figures provide the value for the equity indicator 

according to (5), and also the associated mean of the set to 

provide statistical background to the equity indicator. 

Depending on the context chosen (ECAC level, FIR level or 

route level), different conclusions can be extracted from the 

analysis. 

Fig. 8 shows the EQ-4 calculation at ECAC level. It can be 

observed that EQ-4 is 4.05% while there is a mean of 3.65% of 

ratio between costs of the AFT and the FPT for all the flights 
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considered in the analysis. These values serve as baseline to 

compare the results per region or city pair. 

 

Figure 8. EQ-4 distribution (%) at the ECAC level 

Fig. 9 shows the EQ-4 calculation for those flights with 

tracks inside four different ECAC regions: France (LF), Spain 

(LE), Germany (ED) and Italy (LI). According with these 

values and for this day, it seems that Germany represents the 

airspace in which the distribution among the airlines is less 

equitable. France is on the other extreme, with the lowest 

values for EQ-4. It can be also observed that its mean value of 

the cost ratio is not the lowest among the selected ECAC 

regions. Thus other regions are penalizing less the costs of 

flights but these other regions are less equitable between 

airlines. 

 

Figure 9. EQ-4 distribution (%) in different regions in the ECAC 

Fig. 10 shows the equity calculations for eight city pairs, 

selected by the airlines collaborating on AURORA. As it can 

be seen, some city pairs have an average mean value of over 

5%. However, when comparing IST-AMS and FCO-AMS, it 

can be observed that equity values are lower for the first city 

pair (IST-AMS). This means that the deviation in cost are less 

equitable distributed among the airlines flying FCO-AMS than 

IST-AMS. Observing the other city pairs, low equity values 

mean that the differences in cost between planned and actual 

are distributed equally among the airlines flying those city 

pairs. When compared with the ECAC level values, these city 

pairs performance better in terms of equity than the average at 

the ECAC level.  

 

Figure 10. EQ-4 distribution (%) per city-pair 

V. CONCLUSIONS 

Due to the methodology proposed in this paper, ADS-B 

data could serve as a reliable source for the performance 

monitoring at the ECAC level, providing a new paradigm 

where ANSP’s performance is not only evaluated locally, i.e., 

at the level of an ANSP area of responsibility, but also 

globally, i.e., how the actions of an ANSP impact the overall 

efficiency of a flight and the actions of other ANSPs 

responsible of that flight. In terms of the value of the KPIs 

analysed, the following conclusions were extracted: 

 CEA_CW1 and CEA_CW2 represent how cost-

efficient are the flights with respect to a future free 

routing environment and using today’s route design 

respectively. Results show that half of the 

inefficiencies in terms of costs are due to the 

constraints in the route design. 

 Flight inefficiency in terms of costs is not necessary 

aligned with inefficiency in terms of horizontal 

difference with respect to the geodesic trajectory i.e. 

CEA_CW1 and CEA_CW2 values differ from KEA 

values. 

 Vertical and speed profiles together with the impact of 

weather conditions (wind, temperature and pressure) 

are relevant factors to be taken on board in order to 

quantify how cost-efficient a flight is, and this is not 

considered in today’s indicator, i.e. KEA.  

 Equity indicators provide an insight on how 

inefficiencies are distributed among airlines, allowing 

the detection of regions or routes that present abnormal 

values comparing with some average ones. 

VI. FUTURE WORK 

Based on the results and conclusions obtained from the 

analysis some research areas are defined: 
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(1) Perform sensitivity analysis on how the assumed 

parameters, e.g. initial mass, affect the results. 

(2) Perform a systematic analysis to test if the different 

values of the indicators account for different inefficiency 

sources (i.e. if an indicator value, or combinations 

between different indicators, can pinpoint the source of 

the inefficiency to a specific event, such as holding 

patterns, inefficient speed profiles, etc.). 

(3) Calculate the indicators per phase, considering the need of 

introducing the approach and ascent procedures in all 

generated and reconstructed trajectories to isolate the 

effects of TMA. It should be also considered the need of 

defining some overlapping between phases due to the 

differences in flight time per phase between the generated 

and reconstructed trajectories. It is recommended to 

analyse the applicability of machine learning techniques. 

(4) Test how to measure the efficiency of flights which are 

also crossing the ECAC, and not only departing and 

arriving since this traffic also affects the efficiency of the 

ECAC traffic. 

(5) Analyse cause and effect relationships to quantify the 

impact of Airspace Users’ operation modes on AURORA 

indicators. 

(6) Analyse how to include delay costs in AURORA 

indicators as an additional cost which is considered 

relevant for the airlines. 
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